Objectives Reference values for hand grip strength in Japanese community-dwelling elderly independent in activities of daily living (ADLs) were calculated by metaanalysis. Methods Papers reporting data on hand grip strength in elderly Japanese adults C60 years of age and independent in ADLs were retrieved from electronic databases. Data were extracted from the selected papers and the weighted mean for hand grip strength by sex was calculated by random effect model. The association of hand grip strength with age and body weight was also analyzed using metaregression analysis. Results Data for 15,784 individuals (5216 men and 10,568 women; mean age 67.0-79.8 years) were extracted from 97 sets of data from 33 papers. The weighted mean for hand grip strength was calculated as 33.11 kg in women. A significant negative correlation was also seen between hand grip strength and age.
Introduction
Hand grip strength measurements are simple and inexpensive, and are thus widely used as a means of evaluating muscle strength in the elderly. Hand grip strength is also used in elderly adults as a screening index for sarcopenia, which is defined as a decline in skeletal muscle mass and muscle function [1, 2] . Furthermore, poor hand grip strength is associated with mortality [3, 4] and disability [4, 5] in older adults and has been found to be a useful index for frailty [6, 7] . Reports have also emerged in recent years demonstrating a relationship between hand grip strength and oxidative DNA damage, which has been found to be related to cancer, heart disease, and diabetes [8] . Poor hand grip strength may, therefore, serve as a useful piece of information regarding the health of elderly people. However, appropriate reference values to serve as evaluation criteria are required to identify poor hand grip strength.
Several reports on reference values for hand grip strength exist among earlier studies [9, 10] . However, other reports have suggested that racial differences exist in hand grip strength and other physical performance tests [11, 12] . Therefore, reference values not based on measurements in Asians [9] are not appropriate for Japanese people. In fact, different cut-off values are used for hand grip strength between Europe and Asia-even in screenings for sarcopenia [2] . Moreover, reference values for hand grip strength in Japanese people are based upon sample extractions from a limited geographical area, placing limitations on their generalization [10] . To set reference values for hand grip strength that can be adapted to Japanese people, data from a large sample obtained from a wide geographic area are needed. Thus far, we have used metaanalysis to integrate research data from various areas to more accurately set reference values for several motor function tests such as the Timed Up and Go test [12] [13] [14] [15] . The aim of this study was to calculate reference values for hand grip strength in independent Japanese communitydwelling elderly using meta-analysis.
Materials and methods

Paper retrieval method
We examined peer-reviewed research papers reporting data on hand grip strength published from January 1983 to September 2014. The electronic databases used to retrieve the papers in question were PubMed, EMBASE, Cumulative Index to Nursing and Allied Health Literature (CINAHL), and Igaku Chuo Zasshi (an electronic database that consists of medical research articles in Japan). The search terms used were ''hand grip strength/akuryoku,'' ''hand strength,'' ''grip,'' ''grasp,'' ''strength,'' ''power,'' ''older people/koureisya,'' ''aged,'' and ''elderly'' in appropriate combinations. The selection criteria for papers used in the meta-analysis were set as follows in accordance with earlier studies [12] [13] [14] [15] : (1) papers written in Japanese or English; (2) papers on Japanese community-dwelling people aged C60 years old; (3) papers on community-dwelling elderly independent in activities of daily living (ADLs); (4) papers not examining frail elderly or elderly with an evident disease; (5) papers reporting measurements in kilograms or Newtons; (6) papers reporting data on hand grip strength by sex; and (7) papers listing the number of subjects and the mean and standard deviation (SD) of hand grip strength. Four researchers (NK, RK, TN, and MA) held discussions to determine search terms to use and which papers to include in the analysis.
Paper information (title, author(s), source), subject attributes (functioning, age, sex, body weight), measurement conditions, units of measurement, number of subjects, and the means and SDs of hand grip strength were extracted from papers that met the above selection criteria and were input into a database. If multiple data by sex and/ or age group were reported in a single paper, these were extracted as individual data points and input into the database.
Statistical analysis
To obtain the weighted mean of hand grip strength, the weighted mean and 95 % confidence interval (95 % CI) were calculated from the mean and SD of each hand grip strength measurement. The 95 % CI was calculated using the Knapp and Hartung method. To calculate the weighted mean, a DerSimonian-Laird random effect model was used. However, due to sex differences in hand grip strength [10] , the weighted mean was analyzed separately for men and women. A meta-regression analysis was additionally used to analyze the association of hand grip strength with age and body weight. This meta-regression analysis was also conducted separately for men and women considering the effects of sex differences. For statistical processing, the statistical analysis software R Programming Language and Environment (R version 3.1.3) [16] and the meta for package (version 1.9-4) [17] were used, with the level of statistical significance set at 5 %.
Results
The keyword search turned up 5340 papers. The titles and abstracts of the retrieved papers were checked and 4,819 papers that clearly did not meet the selection criteria were excluded. The main texts of the remaining 521 papers were checked, and a further 488 papers that did not meet the selection criteria were excluded. Thirty-three papers and 97 sets of data [5, that met the selection criteria were ultimately subject to analysis (Fig. 1) . The total number of subjects was 15,784 (5216 men and 10,568 women; mean age 67.0-79.8 years; Table 1 ). In 15 studies, measurements were taken in both upper limbs (45.5 %), with the highest value being reported. Measurements were taken in only the dominant upper limb in 10 studies (30.3 %). Sixteen studies (48.5 %) reported the measurement values of hand grip strength represented by the highest value, and 5 studies (15.2 %) reported those represented by the mean value. Detailed information of reported values (highest, mean, or median) was not described in 12 studies. Further, number of measurements of hand grip strength ranged from one to three times. With regard to measurement devices, a Smedley-type dynamometer was used in 29 studies (96.7 %), whereas a Jamar-type dynamometer was used in only one study.
The weighted mean for hand grip strength calculated using the random effect model was 33. Table 2 ). The effects of age and body weight were then analyzed by meta-regression analysis. Results did not reveal a statistically significant association between hand grip strength and body weight in men or women (men, regression coefficient = 0.42, P = 0.30; women, regression coefficient = 0.22, P = 0.20). On the other hand, a significant negative correlation was seen between age and hand grip strength (Fig. 2) . The age-adjusted weighted mean was demonstrated using the formula in Table 2 . This formula shows that hand grip strength decreased by a mean 3.10 kg and 1.75 kg every 5 years in men and women, respectively. Furthermore, this formula was used to calculate the mean hand grip strength in men aged 65, 75, and 85 years as 38.44, 32.24, and 26.04 kg, respectively, whereas the mean in women aged 65, 75, and 85 was calculated as 24.15, 20.65, and 17.15 kg, respectively.
Discussion
In this study, we limited subjects to a specific subset of participants, i.e., Japanese community-dwelling elderly who were independent in ADLs, to accurately calculate reference values for hand grip strength by meta-analysis. The data used in this analysis were taken from samples of participants from different geographic areas, and the total number of samples was large (approximately 5000 men and 10,000 women). In addition, an obvious publication bias, judged from a funnel plot (plot not shown), was not found in this study. Therefore, the results of this study enabled us to present reference values for hand grip strength in elderly Japanese adults leading independent lives in the community. Notably, more than 70 % of the data analyzed in this study reflected measurements taken in the dominant hand, where the highest value for the left or right hand was recorded. Hand grip strength is reportedly greater in the dominant hand than the non-dominant hand [21, 49] . The reference values in this study may, therefore, reflect the highest value for individual hand grip strength. Moreover, the Smedley-type dynamometer was used for measurements of hand grip strength in almost all included studies. Accordingly, the reference values in this study reflect values for the Smedley-type dynamometer. As for racial differences, Asians are considered to have poorer hand grip strength than Caucasians [2] . A study in Italians found that the mean hand grip strength of people aged 65-74 years was 39.2 kg in men and 22.2 kg in women [50] . When mean hand grip strength in elderly Japanese adults aged 65-74 years is calculated using the formula in Table 2 , the results are 35.7 kg in men and 22.6 kg in women. Hand grip strength, therefore, tends to be poorer in Japanese men when compared to Italian men. On the other hand, there is no marked difference in strength between elderly Japanese women versus elderly Italian women. A study comparing hand grip strength between elderly native Japanese women and Caucasian women found that hand grip strength was greater in native Japanese women than in Caucasian women [11] . It is, therefore, likely that racial differences in hand grip strength may also differ between the sexes. It is thus important to set reference values taking racial differences into account. It has also been reported that racial differences exist among Asians in terms of respiratory muscle strength [51] . We cannot completely rule out the possibility that, like the respiratory muscles, there are differences between Asian geographic areas in hand grip strength. It is thus necessary to set reference values for determining the state of hand grip strength in elderly according to each individual race. However, further investigation and analysis may be necessary to clarify the racial difference in hand grip strength, since it cannot be analyzed from just the results of this study.
This study demonstrates that hand grip strength declines with age in both men and women. This age-related decline in hand grip strength has been similarly reported in earlier studies [6, 10, 50] . These results are, therefore, not surprising. Reference values need to take into account the effects of age when the state of hand grip strength in elderly people is being determined. On the other hand, no association was seen between hand grip strength and body weight. A study that examined young people also found no clear association between hand grip strength and physique [52] . Body weight is generally known to have a large effect on muscle strength in the lower limbs; however, findings have suggested that the effect of body weight on hand grip strength is small. The need to take into account body weight in reference values for hand grip strength can be considered minor. Further, some degree of heterogeneity was found in the measurement method of hand grip strength (i.e., number of measurements, representation of measurement value). Generally, the influence of this heterogeneity is thought to be small because it is well known that measurements of hand grip strength are generally reliable. However, the influence of heterogeneity in the measurement method should still be noted as a limitation of this study. In conclusion, reference values for hand grip strength in Japanese community-dwelling elderly leading independent lives were demonstrated by meta-analysis in this study. Hand grip strength is a simple motor function test that can provide information about the health of elderly people. The reference values in this study can be used to easily determine the state of hand grip strength in Japanese community-dwelling elderly. However, in general, it is important to take into account the age of subjects when determining the reference values for hand grip strength in specific subsets of a population.
